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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to sterilization processes and more particularly, to hydrogen peroxide 
sterilization processes. 

io Description of the Prior Art 

In equipment where potentially infectious specimens are processed and stored, contamination of the 
interior surfaces of the equipment and of the contents kept there due to spills and breakage of the 
specimens is an unfortunate but all too frequent occurrence. Removing the contaminated equipment from a 

75 busy laboratory for sterilization is often out of the question. Occasional manual cleaning with surface 
disinfectants has heretofore been the only practical solution. Another, less practical method of disinfecting, 
at least for smaller equipment, is to immerse it in glutaraldehyde. In some instances, contamination is so 
extensive that the equipment is discarded entirely and new equipment purchased to replace it. 

Complete, in place sterilization of some laboratory equipment has not been possible, particularly in 

20 those items of equipment such as cold centrifuges and refrigerators having very cold interior surfaces or 
two or more zones of surfaces having widely differing temperatures. For example, some centrifuges 
maintain specimens at temperatures below 10 °C. Other areas within the same centrifuge may be at room 
temperature. 

Hydrogen peroxide in liquid form has long been recognized as a disinfectant. Koubek U.S. Patent No. 

25 4,512,951 describes a method of sterilization with liquid hydrogen peroxide which includes vaporizing an 
aqueous solution of hydrogen peroxide and passing the resulting hydrogen peroxide-water vapor mixture 
into an evacuated sterilization chamber where, upon contact with items to be sterilized, the vapor 
condenses to form a layer of liquid hydrogen peroxide on the items. The items to be sterilized are 
maintained at a temperature below the dewpoint of the hydrogen peroxide-water mixture to assure 

30 condensation, but the overall chamber temperature must be high enough to prevent condensation of the 
incoming vapor before it reaches the items. Following a suitable time for sterilization, the condensate is 
revaporized by passing filtered, preferably heated air over the surface of the items. The Koubek process is 
useful for sterilizing the cool items in the chamber but does not sterilize the warmer surfaces of the 
chamber itself. 

35 Similar methods of applying a film of liquid hydrogen peroxide over an area to be sterilized and 
vaporizing the film by flowing heated air over the area are disclosed in Egger U.S. Patent No. 3,904,361 and 
Lothman et al. U.S. Patent No. 4,225,556. 

Sterilization with gaseous hydrogen peroxide is described by Moore et al. U.S. Patent No. 4,169,123 
and Forstrom et al. U.S. Patent No. 4,169,124. The methods described in those two patents involve 

40 surrounding an article to be sterilized with vapor phase hydrogen peroxide and maintaining contact between 
the article and the sterilant at temperatures below 80 °C until sterility is achieved. The lowest temperature 
disclosed in either the Moore or Forstrom patents is 20 °C. The vapor phase hydrogen peroxide is removed 
from the chamber following the sterilization cycle by evacuation. A uniform temperature throughout the 
sterilization chamber is contemplated by the methods of the Moore and Forstrom patents. 

45 While the prior art methods of sterilization with hydrogen peroxide are useful in some environments, 
they do not contemplate environments such as a cold centrifuge or refrigeration equipment which have two 
or more zones of widely differing temperature ranges within the same piece of equipment. In these 
environments, where potentially contaminating specimens are processed or stored, spills routinely occur. In 
the centrifuge, airborne contamination is common. It would be desirable to sterilize the interior of the 

50 equipment before having to open it to remove the contents to spare the technician the risk of exposure to 
contamination. It would also be desirable to sterilize without altering the temperatures within the equipment 
to maintain specimens at the desired temperature. 

There was, prior to the present invention, no convenient method for sterilizing equipment having two or 
more zones of widely differing temperature ranges within the same chamber without substantially altering 

55 those temperature ranges. The known hydrogen peroxide sterilization methods either heat cool surfaces to 
revaporize liquid sterilant for removal, as in the Koubek patent, or contemplate a uniform temperature 
throughout the chamber, as in the Moore and Forstrom patents. 
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It is an object of the present invention to provide a process for sterilizing surfaces within equipment, 
such as cold centrifuges or refrigerators, having very cold portions without significantly elevating the 
temperature of the cold portion of the surfaces. It is a further object of the present invention, to provide 
such a process where two or more surface portions in the same chamber, each having widely differing 
5 temperature ranges, can be simultaneously sterilized without significantly altering the temperature of any 
surface portion. 

According to a first aspect of the invention, there is Provided a process for sterilizing surfaces within a 
chamber, a portion of the surfaces being at a temperature below about 10 °C, comprising the steps of: 

introducing vapor phase hydrogen peroxide into the chamber; 
70 contacting the portion of the surfaces with the vapor phase hydrogen peroxide to effect condensation of 
the vapor on the portion; 

applying a source of a vacuum to the chamber; and 

continuing to introduce vapor phase hydrogen peroxide into the chamber and continuing to apply a 
source of vacuum to the chamber until the surfaces are sterile while continuing to maintain the temperature 
75 of the portion of the surfaces below about 10° C. 

According to a second aspect of the invention, there is provided a process for sterilizing surfaces within' 
a chamber, a first portion of the surfaces being at a first temperature below about 10 °C and a second 
portion of the surfaces being at a second temperature greater than about 20 °C, comprising the steps of: 

introducing vapor phase hydrogen peroxide into the chamber; 
20 contacting the first portion of the surfaces with the vapor phase hydrogen peroxide to effect condensa- 
tion of the vapor on the first portion; 

contacting the second portion of the surfaces with vapor phase hydrogen peroxide; 

applying a source of vacuum to the chamber; and 

continuing to introduce vapor phase hydrogen peroxide into the chamber and continuing to apply a 
25 source of vacuum to the chamber until the surfaces are sterile while maintaining the temperature of the first 
portion of the surfaces below about 10 °C and the temperature of the second portion of the surfaces greater 
than about 20 ■ C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 ' ^ "~ ' ' ' ~" 

The present invention can be better understood by reference to the Figures in which: 
FIG. 1 illustrates a centrifuge having first and second portions on its interior surfaces in which the 
process of the present invention can be practiced; 
FIG. 2 is a schematic diagram of the centrifuge of FIG. 1; and 
35 FIG. 3 is a graph illustrating a preferred embodiment of the sterilization process of the present invention 
as practiced in the centrifuge of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 The process of the present invention can be practiced in any "cold" environment where it is desirable 
to preserve the temperature of the cold surfaces. "Cold" as used herein shall mean a temperature at or 
below about 10°C. Significantly, the process of the present invention can also be used in an environment 
having interior surfaces, portions of which are cold and portions of which are warmer without significantly 
altering the temperature of the different portions. "Warm" as used herein shall mean temperatures at or 

45 greater than about 20 • C. 

Sterilization techniques for use on cold surfaces where it is important to maintain the cold temperature 
have not been previously available. It has been discovered that there is a relationship between sterilization 
time and hydrogen peroxide vapor concentration. At low temperatures, the concentration of the vapor 
decreases so that the time required for complete sterilization increases. In order to reduce the time required 

50 for complete sterilization, the preferred embodiment of the process of the present invention employs a 
modification of the technique of condensing the hydrogen peroxide vapor on the cold portions of the interior 
surfaces in conjunction with the vapor phase hydrogen peroxide sterilization of the warm portions of the 
interior surfaces to sterilize across a variety of temperature gradients within a short period of time. It is 
believed that sterilization of the cold surfaces occurs ultimately by means of a combination of contact with 

55 liquid and vapor phase hydrogen peroxide. 

The condensed sterilant is also concentrated while on the cold surface to enhance the sterilants' 
effectiveness. The hydrogen peroxide vapor introduced into the chamber is in actual practice a binary 
mixture of hydrogen peroxide and water vapors. When the vapors condense, a liquid film of water and 
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hydrogen peroxide coats the cold surface. Water is more volatile than hydrogen peroxide so it will 
evaporate first. To take advantage of the different volatilities of water and hydrogen peroxide and thereby 
selectively revaporize the water to concentrate the hydrogen peroxide condensate, a source of vacuum is 
applied to the chamber to evaporate the water. Eventually the hydrogen peroxide condensate is evaporated 
5 also. 

Following the initial introduction of vapor phase hydrogen peroxide into the chamber and the condensa- 
tion of such vapor on the cold surfaces, in addition to the application of vacuum to the chamber, the 
injections of vapor phase hydrogen peroxide continue, thereby establishing a flow through system. One 
advantage to such a system is that the absolute chamber pressure can be maintained above the vapor 

w pressure of hydrogen peroxide and below the vapor pressure of water at the relevant temperature to control 
the evaporation of the condensate. The water, as stated above, will evaporate under these conditions. The 
hydrogen peroxide will not evaporate as readily, leaving a condensate of very concentrated hydrogen 
peroxide on the cold surfaces. 

Hydrogen peroxide is known, however, to degrade into water and oxygen. Thus, the concentration of 

75 hydrogen peroxide in the condensate and in the vapor phase decreases over time. As the hydrogen 
peroxide degrades, the resulting water in the condensate evaporates and, to an extent, further concentrates 
the remaining hydrogen peroxide condensate. The quantity of remaining condensate, however, in time, will 
not be sufficient to completely sterilize the surfaces. Similarly, as degradation progresses, the remaining 
vapor phase hydrogen peroxide may be insufficient to sterilize some areas of the chamber. To compensate 

20 for the degradation of the hydrogen peroxide and thereby maintain the desired concentration of vapor phase 
hydrogen peroxide and liquid hydrogen peroxide in the condensate, additional injections of vapor phase 
hydrogen peroxide are provided. The continued vacuum removes much of the water vapor to avoid a build 
up of water vapor in the chamber. 

As an example of the foregoing, at 10 °C, the vapor pressure of water is 9.2 mm Hg. At 10 °C, in an 

25 environment of 100% hydrogen peroxide, the vapor pressure of hydrogen peroxide is 0.642 mm Hg. To 
revaporize the water without revaporizing the hydrogen peroxide in the binary condensate, the absolute 
chamber pressure should be maintained at a level above 0.642 mm Hg. but below 9.2 mm. Hg. By using 
standard saturated steam tables and standard tables for "Total Vapor Pressure of Hydrogen Peroxide-Water 
Solution" and "Vapor Composition (Mole Fraction H2O2) Over Hydrogen Peroxide-Water Solutions" such as 

30 those reproduced in Perkins, PRINCIPALS AND METHODS OF STERILIZATION IN HEALTH SCIENCES 
(2d ed. 1976) and W. C. Schumb, et al., HYDROGEN PEROXIDE, pp. 221-227 (Reinhold pub. 1955), 
respectively, and hereby incorporated herein by reference, the relevant vapor pressures can be determined 
for any temperature. If a 30% hydrogen peroxide vapor is injected into the chamber, it can be determined 
based on the tables reprinted in Schumb supra., that at 10 Q C, the condensate formed due to the 

35 evaporation of the water component of the mixture will be slightly less than about 75% hydrogen peroxide. 
The remaining vapor therefore, is no longer 30% hydrogen peroxide because the water vapor portion has 
been increased. As degradation occurs, the hydrogen peroxide component in the vapor decreases further. 
The continued injections of vapor phase hydrogen peroxide coupled with the continuous pull of vacuum in 
the chamber provides a flow through system which replaces the hydrogen peroxide to overcome the effects 

40 of degradation and maintain the desired vapor phase hydrogen peroxide concentration for sterilization of the 
warm surfaces. It also replenishes the condensate on the cold surfaces and promotes the concentration of 
the liquid hydrogen peroxide to enhance sterilization of the cold surfaces. The absolute chamber pressure 
and sterilant concentrations are thus maintained in a steady state condition. 

By using vacuum to evaporate the condensate, unlike the streams of filtered warm air used for 

45 evaporation by prior art techniques, as described in EP-A-0243003 the temperature of the cold surfaces is 
not significantly altered. The introduction of warm air into a spinning centrifuge, for example, would raise the 
temperature about 10-20°C. In very high speed centrifuges, the introduction of air could cause considerable 
damage to the spinning rotor. 

While those skilled in the art will recognize that there may be a variety of environments which have 

50 such cold and warn portions, the process of the present invention will be described as it is used in a cold 
ultracentrifuge. 

Referring to FIG. 1, the ultracentrifuge 10 includes an outer shell 12 and a lid 18 which define therein a 
chamber 30. The ultracentrifuge 10 also includes an inner tub 14, an armor plated insulating layer 16 and a 
rotor 20. Posts 32 elevate tub 14 above the bottom of the chamber. An outer gap 26 is defined between the 
55 outer shell 12 and the insulating layer 16 and an inner gap 28 is defined between the insulating layer 16 
and the inner tub 14. Side inlet port 22 and bottom inlet port 24 are provided for the introduction of vapor 
phase hydrogen peroxide. 
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A vacuum port 34 is provided in the floor of shell 12. A diffusion pump 36, which may be of any 
suitable known variety, is separated from the exterior bottom of shell 12 by a spacer 38. A vacuum pump 
40 of any suitable known variety is connected via the converter portion ot vaporizer/converter 42 by 
standard piping to the diffusion pump 36. The bottom inlet port 24 passes through vacuum port 34. 

5 Referring to FIG. 2, a vaporizer/converter 42 is connected by suitable known piping to inlet ports 22 and 
24. A three-way diverter valve 44 controls the direction of vapor flow from vaporizer 42 to one of the two 
inlet ports 22 or 24. An air break solenoid valve 46, connected to air filter 48 is provided adjacent inlet port 
22. A source of liquid hydrogen peroxide and water is provided by cartridge 50 and is injected at selected 
intervals into vaporiser 42 by injection solenoid valve 52. 

io A vacuum/exhaust solenoid valve 54 is positioned in the line from vacuum pump 40 to diffusion pump 
36. A refrigeration system 56 of the kind typically found in cold centrifuges is also provided and suitably 
connected to centrifuge 10. Refrigeration coils 58 are provided beneath the floor of tub 14 in gap 28. 
Suitable controls (not shown) are also provided. 

The vaporizer/converter 42 is of the type described in copending application Serial No. 070,271 entitled 

75 "Flow-Through Vapor Phase Sterilization System", assigned to the assignee hereof. The vaporizer/converter 
42 includes two chambers, one for vaporizing liquid hydrogen peroxide solutions and one for promoting the' 
degradation of hydrogen peroxide vapor exhausted from a chamber into water and oxygen for discharge. 

In a cold ultracentrifuge the temperature of the rotor 20 is about 4°C. The temperature of the floor of 
tub 14 is initially about -11 °C, but, due to warmth created by the turbulence created by the spinning rotor 

20 and the injected vapor, the temperature rises to about 4 to 10° C. The chamber temperature in genera! is 
about 25 C with the outer shell 12, the gap 26 and insulating layer 16 being the warmest. It is important to 
maintain the temperature of the rotor 20 at about 4 e C to keep any specimens held therein at the desired 
temperature. 

The preferred embodiment of the process of the present invention as practiced in centrifuge 10 is 

25 shown in FIGS. 3A, 3B and 3C. FIG. 3A illustrates the rpms of the centrifuge rotor 20 during the 
centrifugation cycle and, in FIG. 3B, the simultaneous sterilization process. The status of the refrigeration 
controls, the exhaust valve 54, the vaporizer 42, the injection valve 52 and the diverter valve 44 are 
provided in FIG. 3C. A basic cycle useful in the centrifuge 10 includes the steps of initially pulling a vacuum 
in chamber 30. While the initial pull of vacuum is preferred, it is not required. In one embodiment of the 

30 process, the vacuum is pulled to less than about 300 microns (0.3 mm Hg). This step permits the 
temperatures throughout the centrifuge 10, particularly the cold surface temperatures of the tub, rotor and 
rotor contents, to stabilize. The initial vacuum also removes any water vapor present in chamber 30. As 
shown in FIGS. 3A and 3B, a centrifuge run may take place at this stage. When the desired vacuum level is 
achieved very rapid speeds are initiated. Occasionally, two levels of rapid speeds are run. Following 

35 completion of speed 2, the rpm of the rotor 20 is reduced to about 2000 and the sterilization phase of the 
cycle begins. The vacuum source is then preferably turned off temporarily by closing the vacuum/exhaust 
valve 54. Thereafter, vapor phase hydrogen peroxide is introduced into chamber 30 through side inlet port 
22 for approximately one minute. This step is represented by the first peak 70 on FIG. 3B. Condensation 
begins to occur on those portions of the surfaces within chamber 30 which are below 10°C. In 

40 embodiments where the initial pull of vacuum is terminated during the first vapor phase hydrogen peroxide 
injection, the pull of vacuum is resumed after the completion of the initial injection and preferably continues 
uninterrupted throughout the remainder of the process. If the initial vacuum pull is not terminated, more 
vapor may have to be injected initially. The pull of vacuum at about this point and at least intermittently 
thereafter is an important step of the process of the present invention. The vapor phase hydrogen peroxide 

45 injections also continue. At this stage the flow-through conditions discussed above begin to be established. 
As stated previously, the vacuum is maintained at a level sufficient to substantially evaporate the water 
component of the sterilant which will have condensed on the cold surfaces, thereby concentrating the 
hydrogen peroxide component. The desired Vapor phase hydrogen peroxide concentration is maintained by 
the continued injections of vapor. 

so The introduction of vapor phase hydrogen peroxide is continued first by injections through bottom inlet 
port 24 for one minute, then by injections through side inlet port 22 for one minute. Injections of sterilant 
vapor at two sites facilitates distribution of sterilant throughout the chamber. The injections of sterilant vapor 
continue in such alternating fashion for a period of, for example, four, eight, sixteen or thirty-two minutes, 
depending upon the extent of the areas within centrifuge 10 that are to be sterilized. A short cycle will 

55 sterilize the areas within tub 14 where contamination from specimens is more likely to be concentrated. This 
cycle would typically be used on a routine basis. A longer cycle will also achieve sterilization of the outer 
gap 26 and interior surfaces of outer shell 12. This cycle would typically be used prior to servicing of the 
centrifuge 10 to provide a contamination free work area for service technicians. The continued introduction 
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of vapor phase hydrogen peroxide and the continued application of vacuum assures continuing condensa- 
tion and concentration of the hydrogen peroxide for sterilization of the cold portions, effective sterilization of 
the warm portions and revaporization of the condensate without altering the temperature ranges of the cold 
and warm portions. 

5 Following the sterilization phase of the cycle during which the injections of sterilant vapor occur, the 
vacuum is pulled to reduce the absolute chamber pressure to a level below the vapor pressure of hydrogen 
peroxide at the cold portions of the surfaces to remove sterilant vapor from the chamber 30 and to 
evaporate any remaining condensate from the cold portions of the surfaces. The vacuum is turned off for a 
moment and filtered air is introduced to chamber 30 to dilute any remaining vapors. The vacuum is pulled 

w again, though not as deeply. The vacuum is then turned off and the chamber is permitted to return to 
atmospheric pressure at the end of the centrifugation/sterilization run. 

A series of tests were run using an ultracentrifuge 10 similar to that shown in FIG. 1. 
Tests were run to establish the temperature ranges of various areas within the centrifuge before, during 
and after the centrifugation and sterilization runs. The results are set forth below: 

75 



Area 


Temp, range * C 


inner gap 28 


19.5 to 23.6 


bottom of tub 14 


-11.2 to 17.7 


space just above bottom of tub 14 


-2.1 to 14.5 


inside wall of tub 14 


5.0 to 20.3 


middle of rotor 20 


4.0 to 7.2 


top of rotor 20 


5.0 to 10.6 


bottom of rotor 20 


4.1 to 6.5 


outer gap 26 


27.3 to 27.7 



In each series of tests discussed below, coupons inoculated with 10 6 Bacillus subtilis var. globigii and 
10 B Bacillus stearothermophilus were placed in the centrifuge 10. One group of coupons ofeach, bacterial 
type was coated with 20% fetal calf serum. A second group of coupons of each bacterial type was not 
coated with serum. 

In the first series of tests, 'four groups of coupons were placed on the floor of tub 14. A vacuum was 
initially pulled in the chamber, then the vacuum source was turned off. The vapor phase hydrogen peroxide 
was injected and permitted to condense on the coupons. The total hydrogen peroxide injected was 0.7g. 
Filtered atmospheric air was then admitted into the chamber. No additional vacuum and no additional vapor 
phase hydrogen peroxide injections were applied to the chamber. Immediately following condensation of the 
vapor on the coupons, three groups of coupons were removed from the chamber under sterile conditions. 
One group remained in the chamber for three minutes, then was removed and assayed for sterility. One of 
the groups of coupons immediately removed from the chamber was assayed for sterility immediately. Two 
groups were placed in a refrigerator. While refrigerated, the temperature and sterility conditions were 
maintained. The condensate remained on the coupons. Of the groups of coupons which were refrigerated, 
one group was removed at 6 minutes and the other at 20 minutes and assayed for sterility. None of the four 
groups of coupons were sterile. , 

A second series of tests was run. The coupons were again placed on the floor of tub 14. Hydrogen 
peroxide vapor was injected into the chamber and condensate formed on the coupons. The total hydrogen 
peroxide injected was 0.65 g. After one minute exposure to the hydrogen peroxide condensate, the vacuum 
source was turned on for four minutes. No additional injections of hydrogen peroxide vapor were made. The 
coupons were then assayed for sterility. The coupons inoculated with Bacillus stearothermophilus, both with 
and without serum, were sterile. The coupons inoculated with Bacillus subtilus, with and without serum, 
were not sterile. 

Comparing the first and second series of tests, it is apparent that the results can be improved 
somewhat by the application of vacuum but not enough to sterilize all types of bacterial spores. 

A third series of tests was run. Coupons were placed on the rotor and on the tub floor. An initial vacuum 
was pulled to below 300 microns. The vacuum source was turned off and vapor phase hydrogen peroxide 
was injected until the chamber pressure was increased by 1.5-2.0 mm Hg. Additional injections were made 
every twenty to thirty seconds for fifteen minutes. After the initial vacuum, no additional vacuum was pulled 
during the process. The results were as follows. In a first run, none of the bacillus subtilus coupons, whether 
on the floor or the rotor were sterile. The Bacillus stearothermophilus coupons which had been placed on 
the floor were not sterile. Those which had been placed on the rotor were sterile. In a second run all of the 
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Bacillus stearothermophilus coupons were sterile, two out of four of the Bacillus subtilus coupons which had 
been placed on the rotor were sterile and three out of four Bacillus subtilus coupons which had been placed 
on the floor were sterile. _ — 

In a final series of tests, the conditions were the same as those in the second series, except that 

5 additional injections of vapor phase hydrogen peroxide were made during the four minute vacuum period. In 
this series, coupons of each bacterial type having four different levels of serum coating (5, 25, 50 and 100 
microliters of 20% fetal calf serum) were placed on the tub floor. Coupons of each bacterial type without the 
serum coating were also placed on the tub floor. Six coupons of each bacterial type having 5, 25 and 50 
microliters of serum coating and eight coupons of each bacterial type having 100 microliters serum were 

70 assayed for sterility and all were found to be sterile. All coupons of each bacterial type without serum were 
also found to be sterile. 

Additional tests run using a centrifuge similar to that shown in FIG. 1 corroborate the test results. A 30% 
hydrogen peroxide solution was vaporized and injected into the centrifuge during a 4 minute (3 g hydrogen 
peroxide), 8 minute (5 g hydrogen peroxide) and 16 minute (10 g hydrogen peroxide) cycle during which 

75 vacuum was continuously pulled and additional vapor phase hydrogen peroxide injections were made. Each 
cycle was followed by a sixteen minute exhaust period. Coupons inoculated with 10 6 Bacillus subtilus var.' 
globigii spores were placed in the tub 14, the inner gap 28, and the outer gap 26. The coupons were 
assayed for sterility in Tryptic Soy Broth and incubated at 37 *C for seven days. The four minute cycle 
sterilized 118 out of 124 coupons in the tub 14, 107 out of 124 coupons in the inner gap 28 and 112 out of 

20 124 coupons in the outer gap 26. 

The eight minute cycle sterilized 120 out of 120 coupons in the tub 14, 118 out of 120 in the inner gap 
28 and 116 out of 120 in the outer gap 26. In the sixteen minute cycle, of the 128 coupons placed in each 
location, only one coupon in the outer gap 26 was not sterilized. 

These results demonstrate that, under the test conditions, a cycle of eight or more minutes can be used 

25 for routine decontamination of the centrifuge tub area and a cycle of sixteen or more minutes can be used 
to decontaminate the entire interior of the centrifuge prior to servicing or after evidence of a failure within 
the system. 

It can be seen from a comparison of the results obtained in the foregoing tests that both the application 
of vacuum and the additional injections of hydrogen peroxide vapor throughout the sterilization phase of a 

30 cycle are necessary for achieving effective sterilization in a reasonable period of time in an environment 
with widely differing temperature zones. Moreover, it is apparent that the combination of techniques 
employed by the process of the present invention permits such sterilization while preserving the desired 
temperature ranges of cold and warm portions of the surfaces within a chamber. Surface portions between 
10 and 20 °C are also sterilized principally by contact within the vapor phase hydrogen peroxide. Some 

35 condenstation may occur on these portions. 

Claims 

1. A process for sterilizing surfaces within a chamber, a portion of the surfaces being at a temperature 
40 below about 10 0 C, comprising the steps of: 

introducing vapor phase hydrogen peroxide into the chamber; 

contacting the portion of the surfaces with the vapor phase hydrogen peroxide to effect condensa- 
tion of the vapor on the portion; 

applying a source of a vacuum to the chamber; and 
45 continuing to introduce vapor phase hydrogen Peroxide into the chamber and continuing to apply a 

source of vacuum to the chamber until the surfaces are sterile while continuing to maintain the 
temperature of the portion of the surfaces below about 10 °C. 

2. A process according to claim 1, in which the chamber is evacuated prior to the initial introduction of 
so vapor phase hydrogen peroxide into the chamber. 

3. A process according to claim 1 or 2, in which the vacuum is drawn to maintain the absolute vapor 
pressure of the chamber at a level above the vapor pressure of hydrogen peroxide and below the vapor 
pressure of water at the temperature of said portion of the surfaces. 

55 

4. A process according to claim 3, in which the vacuum is drawn after sterility of the surfaces is achieved 
to lower the absolute pressure of the chamber to a second level below the vapor pressure of hydrogen 
peroxide at the temperature of said portion of the surfaces. 
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, 5. A process according ot any of claims 1 to 4, in which the continuing introduction of vapor phase 
hydrogen peroxide into the chamber is through at least two locations to facilitate distribution of the 
vapor phase hydrogen peroxide within the chamber. 

5 6. A process for sterilizing surfaces within a chamber, a first portion of the surfaces being at a first 
temperature below about 10 °C and a second portion of the surfaces being at a second temperature 
greater than about 20 °C, comprising the steps of: 

introducing vapor phase hydrogen peroxide into the chamber; 

contacting the first portion of the surfaces with the vapor phase hydrogen peroxide to effect 
w condensation of the vapor on the first portion; 

contacting the second portion of the surfaces with vapor phase hydrogen peroxide; 
applying a source of vacuum to the chamber; and 

continuing to introduce vapor phase hydrogen peroxide into the chamber and continuing to apply a 
source of vacuum to the chamber until the surfaces are sterile while maintaining the temperature of the 
75 first portion of the surfaces below about 10 °C and the temperature of the second portion of the 
surfaces greater than about 20 • C. 

7. A process according to claim 6, in which the chamber is evacuated prior to the initial introduction of 
vapor phase hydrogen peroxide into the chamber. 

20 

8. A process accoridng to claim 6 or 7, in which the vacuum is drawn to maintain the absolute vapor 
pressure of the chamber at a level above the vapor pressure of hydrogen peroxide and below the vapor 
pressure of water at the temperature of the first portion of the surfaces. 

25 9. A process according to claim 8, in which the vacuum is drawn after sterility of the surfaces is achieved 
* to lower the absolute vapor pressure of the chamber to a second level below the vapor pressure of 
hydrogen peroxide at the temperature of the first portion of the surfaces. 

Pate ntan spriic he 

1. Verfahren zum Sterilisieren von Oberflachen in einer Kammer, wobei ein Teil der Oberflachen bei einer 
Temperatur unterhalb von etwa 10° C ist, umfassend die Schritte: 
Einfuhren von Dampfphasen-Wasserstoffperoxid in die Kammer; 

In-Kontakt-bringen des Teils der Oberflachen mit dem Dampfphasen-Wasserstoffperoxid" urn die 
Kondensation des Dampfes an dem Teil zu bewirken; 
Anwenden einer Vakuumqueile auf die Kammer; und 

Fortsetzen des Einftihrens von Dampfphasen-Wasserstoffperoxid in die Kammer und Fortsetzen des 
Anwendens einer Vakuumqueile auf die Kammer, bis die Oberflachen steril sind, wobei weiter die 
Temperatur des Teils der Oberflachen unterhalb von etwa 10 °C gehalten wird. 

2. Verfahren nach Anspruch 1, in welchem die Kammer vor der anfanglichen Einfuhrung von 
Dampfphasen-Wasserstoffperoxid in die Kammer evakuiert wird. 

3. Verfahren nach Anspruch 1 oder 2, in welchem das Vakuum gezogen wird, urn den absoluten 
45 Dampfdruck der Kammer auf einer Hone oberhalb des Dampfdrucks des Wasserstoffperoxids und 

unterhalb des Dampfdrucks von Wasser bei der Temperatur des Teils der Oberflachen zu halten. 

4. Verfahren nach Anspruch 3, in welchem das Vakuum gezogen wird, nachdem die Sterilitat der 
Oberflachen erreicht ist, urn den absoluten Druck der Kammer auf eine zweite Hone unterhalb des 

so Dampfdrucks von Wasserstoffperoxid bei der Temperatur des Teils der Oberflachen abzusenken. 

5. Verfahren nach einem der AnsprUche 1 bis 4, in welchem die fortgesetzte EinfOhrung von 
Dampfphasen-Wasserstoffperoxid in die Kammer durch mindestens zwei Stellen erfolgt, urn die 
Verteilung des Dampfphasen-Wasserstoffperoxids innerhalb der Kammer zu erleichtern. 

55 

6. Verfahren zum Sterilisieren von Oberflachen in einer Kammer, wobei ein erster Teil der Oberflachen 
bei einer ersten Temperatur unterhalb von etwa 10 °C und ein zweiter Teil der Oberflachen bei einer 
zweiten Temperatur hdher als etwa 20 °C ist, umfassend die Schritte: 
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Einfuhren von Dampfphasen-Wasserstoffperoxid in die Kammer; 

In-Kontakt-bringen des ersten Teils der Oberflachen mit dem Dampfphasen-Wasserstoffperoxid, urn die 
Kondensation des Dampfes an dem ersten Teil zu bewirken; 

In-Kontakt-bringen des zweiten Teils der Oberflachen mit dem Dampfphasen-Wasserstoffperoxid; 
5 Anwenden einer Vakuumquelle auf die Kammer; und 

Fortsetzen des Einfuhrens von Dampfphasen-Wasserstoffperoxid in die Kammer und Fortsetzen des 
Anwendens einer Vakuumquelle auf die Kammer, bis die Oberflachen steril sind, wobei die Temperatur 
des ersten Teils der Oberflachen unterhalb von etwa 10 °C und die Temperatur des zweiten Teils der 
Oberflachen hoher als etwa 20 °C gehalten wird. 

70 

7. Verfahren nach Anspruch 6, in welchem die Kammer vor der anfanglichen Einfuhrung von 
Dampfphasen-Wasserstoffperoxid in die Kammer evakuiert wird. 

8. Verfahren nach Anspruch 6 Oder 7, in welchem das Vakuum gezogen wird, urn den absoluten 
75 Dampfdruck der Kammer auf einer Hone oberhalb des Dampfdrucks von Wasserstoffperoxid und 

unterhalb des Dampfdrucks von Wasser bei der Temperatur des ersten Teils der Oberflachen zu* 
halten. 

9. Verfahren nach Anspruch 8, in welchem das Vakuum gezogen wird, nachdem die Sterilitat der 
20 Oberflachen erreicht ist, urn den absoluten Dampfdruck der Kammer auf eine zweite Hone unterhalb 

des Dampfdrucks von Wasserstoffperoxid bei der Temperatur des ersten Teils der Oberflachen 
abzusenken. 

Revendications 

1. Procede'de sterilisation de surfaces a I'interieur d'une chambre, une partie des surfaces etant k une 
temperature inferieure a environ 10 °C, comprenant les etapes consistant a : 

introduire du peroxyde d'hydrogene & la phase vapeur dans la chambre; 

mettre en contact la partie des surfaces avec le peroxyde d'hydrogene a la phase vapeur pour 
induire la condensation de la vapeur sur la partie; 
appliquer une source de vide a la chambre; et 

poursuivre I'introduction de peroxyde d'hydrogene a la phase vapeur dans la chambre et poursui- 
vre I'application d'une source de vide & la chambre jusqu'& ce que les surfaces soient st^riles, tout en 
continuant a maintenir la temperature de la partie des surfaces en dessous d'environ 10 °C. 

2. ProcedS selon la revendication 1, dans lequel le vide est fait dans la chambre avant I'introduction 
initiale de peroxyde d'hydrogene a la phase vapeur dans la chambre. 

3. Procede selon la revendication 1 ou 2, dans lequel on realise le vide pour maintenir la pression de 
40 vapeur absolue de la chambre h un niveau superieur a la pression de vapeur du peroxyde d'hydrogene 

et inferieur a la pression de vapeur de I'eau a la temperature de ladite partie des surfaces. 

4. Proced£ selon la revendication 3, dans lequel on realise le vide apres avoir obtenu la st6rilit§ des 
surfaces, pour abaisser la pression absolue de la chambre a un second niveau inferieur a la pression 

45 de vapeur du peroxyde d'hydrogene h la temperature de ladite partie des surfaces. 

5. ProcSdS selon I'une quelconque des revendications 1 k 4, dans lequel I'introduction continue de 
peroxyde d'hydrogene a la phase vapeur dans la chambre est effectuee par au moins deux emplace- 
ments, pour faciliter la distribution du peroxyde d'hydrogene a la phase vapeur a I'interieur de la 

so chambre. 

6. ProcSdS de sterilisation de surfaces & I'interieur d'une chambre, une premfere partie des surfaces 6tant 
k une premiere temperature inferieure a environ 10°C et une seconde partie des surfaces etant a une 
seconde temperature sup§rieure a environ 20 °C, comprenant les Stapes consistant a : 

55 introduire du peroxyde d'hydrogene a la phase vapeur dans la chambre; 

mettre en contact la premiere partie des surfaces avec le peroxyde d'hydrogene a la phase vapeur 
pour induire la condensation de la vapeur sur la premiere partie; 

mettre en contact la seconde partie des surfaces avec le peroxyde d'hydrogene & la phase vapeur; 
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, appliquer urte source de vide k la chambre ; et 

poursuivre I'introduction de peroxyde d'hydrogene a la phase vapeur dans la chambre et poursui- 
vre I'application d'une source de vide h la chambre, jusqu'a ce que les surfaces soient st§riles, tout en 
maintenant la temperature de la premfere partie des surfaces en dessous d'environ 10 °C et la 
5 temperature de la seconde partie des surfaces au-dessus d'environ 20 ° C. 

7. Proc£de selon la revendication 6, dans lequel le vide est fait dans la chambre avant ('introduction 
initiate de peroxyde d'hydrogene a la phase vapeur dans la chambre. 

w 8. Proc6d6 selon la revendication 6 ou 7, dans lequel on realise le vide pour maintenir la pression de 
vapeur absolue de la chambre h un niveau superieur & la pression de vapeur du peroxyde d'hydrogene 
et inferieur & la pression de vapeur de I'eau & la temperature de la premiere partie des surfaces. 

9. Proc£d§ selon la revendication 8, dans lequel on realise le vide apres avoir obtenu la sterility des 
75 surfaces, pour abaisser la pression de vapeur absolue de la chambre a un second niveau inferieur h la 
pression de vapeur du peroxyde d'hydrogene a la temperature de la premiere partie des surfaces. 



20 



25 



30 



35 



40 



45 



50 



55 



10 



EP 0 373 201 B1 





EP 0 373 201 B1 



Fig .3A. 



SPEED 



3000 RPM 
2000 RPM 




Fig .3B. 



750 mm Hg 



CHAMBER 
PRESSURE 



2mm Hg 
750 u Hg -• 



START 
CENTRIFUGE 
CYCLE 



TIME 




START 
STERILIZER 
CYCLE 



STERILIZATION 
COMPLETE 

CENTRIFUGE 
:» COMPLETE 



Fig.3C. 



COOLER --- 

EXHAUST 

VALVE 
VAPORIZER 

VALVE 
INJECTION 

VALVE 
DIVERTER 

VALVE 



I00 PULSES/ MINUTE 



DIVERSION /MINUTE 



